Tales from the DNA of Domestic Horses
In our study of the origins of domestic horses, published in 1998, my colleagues and I examined sequence data of the mitochondrial DNA control region from 29 individuals, including Przewalski's horse and 14 domestic breeds (1) . We found virtual genetic constancy within Przewalski's horse, unsurprising considering its severe historical bottlenecking, but a great deal of variation within and among domestic breeds. We wrote, "Overall, the amount of sequence divergence among modern breeds is greater than could have arisen within any plausible timescale of domestication (approximately 5,000 years by current archaeological estimates), and clearly reflects more ancient haplotype diversity." We concluded, "The extent of modern haplotype diversity probably reflects an input of wild animals from different areas. It is unlikely that all domestic horses sprang from a single, local population. Domestic horses arose from wild stock distributed over a moderately extensive geographical region, large enough to have contained within it considerable pre-existing haplotype diversity." Carles Vilà and co-authors undertook a similar analysis, incorporating some of our data, and drew essentially the same conclusions (Reports, "Widespread origins of domestic horse lineages," 19 Jan., p. 474). Their principal finding, the widespread origins of domestic horse lineages, echoes our 1998 results, although the latter are not cited in their report. Vilà et al. augmented their modern mitochondrial DNA study with additional results on ancient specimens and microsatellite DNA sequences, which we did not perform and which allow them to draw some interesting subsidiary conclusions.
Although the diverse genetic input to modern domestic horses, which implies a broad geographic catchment, is suggestive of multiple domestication events in different areas, other explanations are possible-for example, that horses taken from a wide area were domesticated in one or a few places only. This is an archaeological question requiring primarily archaeological evidence, although it could be aided by the extraction, thus far unsuccessful (1), of ancient DNA from the putative centers of domestication.
Response
We sequenced part of the mitochondrial DNA control region of 191 domestic horses from 10 breeds (1). Additionally, we did a complete search in GenBank, a public database for DNA sequences, which added 37 of 70 unique sequences from modern horses to our analyses [see Fig. 1B in (1) ]. These GenBank sequences were referred to by their accession numbers, and eight of them were unique to the study by Lister et al. (2). We regret not citing this study. However, we maintain that their results were insufficient to draw firm conclusions. In their paper they said, "The modern data do not distinguish single from multi-regional domestication events, though the extent of the modern haplotype diversity probably reflects an input of wild animals from different areas" (2, p. 276). In fact, Lister et al. perceived the work that is necessary for definitive conclusions, and it is precisely what our study has provided: "This study needs to be enlarged by accruing larger domestic samples of accurate pedigree (using both [mitochondrial DNA] and microsatellites), and by further pursuing those ancient specimens which gave indications of DNA preservation…" (2, pp. 276-277).
Moreover, the fact of high genetic diversity alone, as found by Lister et al. and other authors before them (3), is not sufficient to suggest a widespread origin of modern horse lineages. Large populations can have substantial genetic diversity. In this sense, sampling of a large diversity of modern horses coupled with sequences from late Pleistocene horses from Alaska that we examined is a necessary prerequisite to definitive conclusions. Our study represents the first attempt to characterize the genetic diversity in a wild horse population before domestication. The limited diversity we observed in this ancient population suggests that multiple populations of wild horses were likely involved in the origin of domestic horses.
We agree with arguments by Lister et al. that archaeological discoveries are fundamental to an understanding of the domestication process. However, early domestic horses likely were indistinguishable from their wild counterparts (4); hence, the timing and location of domestication are not easily revealed by a morphologic study. DNA analysis of archaeological specimens might assist in this regard if population-specific markers could be found. However, DNA is not readily isolated from material in areas where horses were likely first domesticated, as indicated by Lister and co-authors' inability so far to genetically characterize some of these horses. Specimens from the Arctic permafrost, where the likelihood of DNA preservation is high, or more recent archaeological sites might offer our only perspective into the genetics of ancient horses. This is the approach that we chose to take.
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